Background
The incidence of sexually transmitted diseases (STDs) declined in the 1980s and early 1990s, reflecting changes in sexual behavior in response to the epidemic of HIV infection. But these changes were not maintained, and from the mid1990s on there was a recurrence of sexually transmitted diseases. Pregnancy, birth at term, and fertility are affected by the presence of STDs, and it is crucial to investigate microorganisms such as Chlamydia trachomatis, Neisseria gonorrhoeae, Candida sp., Trichomonas vaginalis, and mycoplasmas, or Mollicutes, in this situation [1] . Mycoplasmas and ureaplasmas are part of the class Mollicutes. Their most distinctive features are the absence of a cell wall and a reduced genome. They are a large group of microorganisms responsible for a number of diseases in animals, plants, and humans, especially sexually transmitted diseases [2] .
For many years, Mollicutes species recognized as human pathogens of the genitourinary tract (TGU) were restricted to Mycoplasma hominis and Ureaplasma urealyticum, together with Mycoplasma pneumoniae in the respiratory tract.
In the 1980s a new species of Mycoplasma was isolated from the urogenital tract of men with nongonococcal urethritis, Mycoplasma genitalium. M. genitalium is strongly associated with acute gonococcal urethritis, a condition in which it has an etiologic role now well recognized [3] . At the end of the 1980s, M. fermentans, a species isolated from the urogenital tract in the early 50s but considered infrequent in this site, was isolated from Kaposi's sarcoma lesions of a patient with AIDS and at that time classified as the incognitus strain of M. fermentans. Other cases of coinfection have been reported from peripheral blood mononuclear cells (PBMCs) and urine samples and demonstrated M. fermentans as the first invasive Mycoplasma in man [4] . M. penetrans was also isolated from the urine of patients with AIDS. Its higher prevalence in these patients compared to HIV-negative individuals [5] , together with its in vitro properties of being a strong activator of the immune system and stimulating the expression of HIV LTR-dependent genes, led M. penetrans to be suggested as a possible cofactor for HIV in the development of AIDS [6] .
However, the relationship between Mollicutes infection and a possible worsening in the progression of AIDS has [7] .
The investigation of emerging Mycoplasma species infection and its possible relationship with the progression of AIDS in HIV-infected individuals can have important impacts on the quality of life of these individuals. Understanding this host/parasite relationship can contribute to better management of these infections and potentially reduce their morbidity.
Mollicutes as STD Agents
Mycoplasmas are the smallest microorganisms capable of self-replication. They are part of class Mollicutes, a large group of peculiar microorganisms whose main features are the absence of a cell wall and a reduced genome. Responsible for a number of diseases in animals, plants, and humans, they cause mainly sexually transmitted diseases (STDs) and respiratory infections [2] . However, atypical infections have been reported with increasing frequency, in either immunocompetent individuals or immunocompromised patients.
There are three species of Mollicutes worth mentioning in the context of urogenital tract infections: Mycoplasma hominis, Ureaplasma urealyticum, and M. genitalium, mainly acquired through sexual contact. All three have been found in male as well as female upper and lower urogenital tract infections.
U. urealyticum is responsible for cases of nongonococcal urethritis and bacterial vaginosis. Infection by the microorganism is associated with postpartum fever, chorioamnionitis, low birth weight and premature delivery, and complications in newborns. U. urealyticum was classically divided into 14 serotypes and grouped into two serogroups. More recently a new species has been defined, U. parvum, which includes the serotypes belonging to serogroup 1 [8] . M. hominis is a cause of nongonococcal urethritis and bacterial vaginosis associated with postabortion and postpartum fever, epididymitis, and infertility. It is also an uncommon cause of bacteremia, endocarditis, arthritis, and other less common infections [9] . Several studies have shown that the rates of colonization by M. hominis and U. urealyticum in men range from zero to 13% and 3% to 56%, respectively. Similar data on women show that vaginal colonization rates by M. hominis and U. urealyticum range from zero to 31% and 8.5% to 77.5%, respectively, according to age, race, sexual experience, and socioeconomic status. A high incidence of infection by these microorganisms in Brazil, for instance, has also been demonstrated [10, 11] .
For many years, the Mollicutes species recognized as human genitourinary tract (GUT) pathogens were restricted to M. hominis and U. urealyticum and M. pneumoniae in the respiratory tract. Beginning in the 1980s, this situation began to change with the isolation of a new Mycoplasma species, M. genitalium, from the urogenital tract of men with nongonococcal urethritis. M. genitalium was detected by PCR more often than in urethral specimens from men with nongonococcal urethritis compared to people without such symptoms, and anti-M. genitalium antibodies were more frequently detected in the sera of men with a positive PCR for this Mycoplasma than in sera from men with a negative PCR result. These data suggested that M. genitalium was strongly associated with acute nongonococcal urethritis, a hypothesis confirmed by several other studies and also its detection by PCR in samples from men with persistent or recurrent urethral disease followed by an acute attack of the disease, which today is well recognized [3] .
Mycoplasma fermentans.
In the late 1980s, M. fermentans, a species isolated from the urogenital tract in the early 50s but considered infrequent in this site, was isolated from Kaposi's sarcoma lesions of a patient with AIDS and finally classified as the incognitus strain of M. fermentans [4, 12] . Other isolates from HIV-infected patients have followed, from mononuclear cells of peripheral blood and urine samples, and demonstrated M. fermentans as the first invasive Mycoplasma in man [13] . These data, together with the observation that M. fermentans and other mycoplasmas can induce the replication of HIV in vitro, led Luc Montagnier, discoverer of HIV, and Alain Blanchard, renowned mycoplasmologist, for the first time to the hypothesis that these microorganisms could have a role in the development of AIDS [14] . M. fermentans was also detected in patients with severe respiratory disease, sometimes fatal, especially in immunocompromised individuals, in which it may be responsible for more invasive conditions such as kidney and respiratory infections [15] . M. fermentans was detected by PCR in the urine of HIVinfected homosexual men and in mononuclear cells from peripheral blood and throat samples with rates of 5, 10, and 20%, respectively. However, the same rates were found in HIV-negative individuals, most of them being homosexuals [16] . Thus, the importance of M. fermentans as a possible cofactor of HIV remained unsupported, coupled with no differences in detection in individuals with AIDS in different stages of the disease [17] .
M. fermentans has also been isolated from throat samples of about 16% of children with pneumonia, being the only microorganism in two-thirds of the individuals [18] . It has been detected in some adults with an influenza-like illness, which in some cases has progressed rapidly, evolving to a respiratory disease, often fatal [19] . Observations on empirical treatments, including those by our group, tend to indicate that respiratory infections in children by Mycoplasma, probably by M. fermentans, are more common than it may seem and largely undiagnosed due to the lack of clinical suspicion and laboratory resources capable of identifying this microorganism. On the other hand, M. fermentans was detected by PCR in throat samples and urine in about 20% of healthy medical students, raising the question of what its preferred site of colonization and its importance in the etiology of diseases are [20] . In addition, to date, there is no evidence that M. fermentans is a cause of nongonococcal urethritis in men or disease in the urogenital tract of women [21] . Our experience has also shown a lack of isolation of M. fermentans in patients with urethritis, and we have detected its presence by PCR in only 0.9% of patients with symptoms, against 5.7% in HIV-infected individuals without symptoms of urethritis [5] . There is therefore a suspicion that under immunosuppressive conditions M. fermentans may act as an opportunistic pathogen, since it was also detected by PCR in bronchoalveolar lavage samples from 25% of people with AIDS presenting pneumonia, which was not the case in HIVnegative individuals [22] . The lack of consensus on the role of M. fermentans in the etiology of diseases demonstrates the complexity of the behavior of this agent and that many studies are still required to finally elucidate its real pathogenicity, which to this day remains a paradox.
Mycoplasma penetrans. M.
penetrans is a species identified relatively recently as infecting man. It is also primarily isolated from the urine of patients with AIDS. Its seroprevalence in HIV-infected individuals was higher compared to HIV-negative individuals [7] . Along with its in vitro properties of being a potent activator of the immune system and stimulating HIV gene expression, M. penetrans holds a position as the best possible candidate for a cofactor of HIV in the development of AIDS [6] . M. penetrans has the ability to induce an in vitro proliferative response of CD4 and CD8 T cells with expression of some activation markers such as CD69, HLA-DR, and CD 25 [23] . This finding is significant, considering the fact that HIV replicates completely only in activated cells. Still, in the context of modulating the immune response, it was observed that M. penetrans and M. fermentans membrane components can activate, in vitro, HIV LTR-dependent region gene expression [24] . It was suspected that this activation was due to the accumulation of oxygen free radicals after infection by Mycoplasma, since it has been shown that this accumulation results in an increase in NF-B, a known activator of the HIV LTR region [25] . It has been shown that activation of the HIV LTR is mediated by the interaction of M. penetrans membrane lipoproteins with Toll-like receptor-dependent NF-B [26] . Furthermore, M. penetrans has the ability to induce the production of TNF-alpha and HIV replication in cell lines [27] . Some authors have suggested an association between infection by M. penetrans and the progression of AIDS based on clinical study data. An early serological study in the USA showed the presence of anti-M. penetrans antibodies in 20% of asymptomatic HIV-positive individuals and in 40% of AIDS patients, compared to 0.3% in HIV-negative individuals [28] . In France, the prevalence of anti-M. penetrans was lower compared to previous reports, 18% in HIV-positive individuals and 1.3% in HIV-negative individuals [29] . In a study conducted in Africa, a different profile was found, with a 13.5% seroprevalence for M. penetrans in HIV-positive individuals and 15.5% in HIV-negative blood donors [30] . In that study, 25% of HIV-positive individuals with less than 5% CD4 cells had anti-M. penetrans antibodies, compared to 8.5% of subjects with more than 5% CD4 cells. In a longitudinal study in which adult HIV-positive homosexual men were followed for about 38 months, the association of the prevalence of anti-M. penetrans antibodies with the stage of AIDS was recorded; seroprevalence was twofold higher in patients in stage C of disease, according to the CDC classification at the time, than in stage A or B and twofold higher in individuals with a CD4: CD8 ratio less than 0.30 [31] . Of the studied subjects, 62% were seronegative for M. penetrans, 24% showed evidence of permanently low antibody levels or negative results in some cases, probably associated with latent or chronic infection, and 13.8% had evidence of moderate to high antibody levels for long periods, indicating an active and persistent M. penetrans infection. Four of these patients (50%) experienced serological reactivation, probably developing an acute infection during the study. The CD4+ cell count decreased significantly faster in the latter group than in those without anti-M. penetrans antibodies; the same behavior was observed in the group of individuals with low levels of antibodies. In individuals who had serological reactivation, the viral load was higher in serum from individuals with higher anti-M. penetrans antibody titers. These data suggested an association of active infection by M. penetrans with the progression of AIDS.
A higher prevalence of classes IgA and IgM anti-M. penetrans has also been demonstrated in HIV-infected individuals compared to the control group, detected by ELISA and confirmed by immunoblot [7] . Considering only IgA, the frequency of anti-M. penetrans antibodies was four times higher in individuals with a CD4: CD8 ratio lower than 0.3 (20% versus 5%). The presence of anti-M. penetrans IgM and IgA may be an indicator of a recent or active infection by the microorganism, especially in HIV-positive individuals with a lower CD4: CD8 ratio. Thus, there is evidence that an active M. penetrans infection may participate in the CD4 cell depletion process in HIV-infected individuals.
Mollicutes and AIDS Relationship
The growing knowledge about the biology of the classical Mycoplasma species and of new emerging ones, probably as opportunistic agents, has opened new horizons in human mycoplasmology. A case of infection by a species of Mycoplasma similar to M. haemofelis, which infects cats, has been observed in a subject with HIV [32] . M. pneumoniae, a known pathogen of the respiratory tract, may also present a more complicated infection in patients with AIDS [33] . However, the parasite-host relationship in individuals with HIV coinfected by mycoplasmas still presents significant gaps. A better understanding of this relationship may have major implications for the quality of life of infected individuals, preventing, for example, the development of systemic infections, possibly lethal, as has been observed at least with M. fermentans. Even better known Mycoplasma species such as M. hominis and Ureaplasma urealyticum/parvum can be isolated from individuals infected with HIV at higher rates than from HIV-negative individuals [10] . In fact, a number of microorganisms have been proposed as potential HIV cofactors in the development of AIDS, such as Leishmania, mycobacteria, and viruses [6] . However, the chronic nature of their infection, their greater prevalence in patients with AIDS, and in vitro studies of its properties have positioned the mycoplasmas, in particular M. penetrans, as the microorganisms that seem to have the greatest potential to act as possible cofactors in the development of HIV/AIDS [34] . At that time, this hypothesis was discredited by most virologists, who believed that HIV infection per se would be sufficient to cause immunosuppression. On the other hand, it has received more attention by a number of immunologists, considering the complexity of the immune response against viral infection when specifically targeting T-lymphocytes. It is worth noting that the virus entry into the cell occurs more efficiently after activation of the immune system, when there is greater expression of CD4 molecules, recognized as the main receptor used by HIV for cell adhesion and invasion [35] . However, this issue is far from achieving a consensus among mycoplasmologists. For example, Ainsworth et al. found no difference in the presence of M. fermentans in patients seropositive for HIV regardless of whether they were nonprogressors, slow progressors, or rapid progressors [36] . These authors also found no M. penetrans DNA in their samples.
This subject is still very controversial, among infectious diseases specialists and even among mycoplasmologists. For Mycobacterium tuberculosis, for instance, there is practically a consensus that, besides being an opportunistic pathogen, the bacterium acts as a cofactor for HIV/AIDS, worsening its progression [37, 38] . It is believed that M. tuberculosis affects the progression of AIDS, mainly by activation of the immune system and by increased expression of CCR5 and CXCR4 [39, 40] ; however, apparently the presence of the bacterial infection does not increase the viral load [41] , whereas, in vitro, M. tuberculosis seems to actually reduce viral replication [42] . Furthermore, HIV infects M. tuberculosis-specific CD4+ T cells with a Th17 polarization profile, what may explain an exacerbation of tuberculosis in HIV-infected subjects [43] . For additional information about the details of immune responses to TB and HIV coinfection please refer to the review by Shankar et al. [44] .
In the same way, additional studies would be very welcome to shed more light regarding HIV/Mollicutes coinfection, generating new insights into understanding this complex host-parasite relationship. Little to no further significant advance has been made in the recent years to elucidate the putative mechanisms through which Mollicutes would interact with the immune system that could worsen the HIV infection, especially considering the abovementioned Mycoplasma species. Only for M. pneumoniae pneumonia, a primary human pathogen for which an animal model of disease is also well stablished, interactions of the microorganism with the immune system are better understood [45] .
Recent Findings
A study was recently conducted trying to evaluate a possible correlation between Mollicutes infection and AIDS progression over a 3.5-year period. In this population, 30 individuals presented a positive result for urogenital Mollicutes (37.5%) and 50 were negative (62.5%) by culture. No difference was observed in Mollicutes positivity between men and women. Among the positive samples, 21 presented Ureaplasma sp. growth, 23 presented M. hominis growth, and 7 presented Mollicutes growth in SP4 medium. M. penetrans was identified in these samples by PCR. No difference ( > 0.05) was observed in CD4 or CD8 cells levels or the CD4/CD8 relationship between Mollicutes infected and noninfected patients. However, patients infected by Mollicutes presented a higher HIV viral load during the study period ( = 0.007) compared to noninfected patients. A difference in opportunistic/coinfection incidence between the Mollicutes infected and the noninfected group was also observed [46] . M. genitalium was also observed to be strongly associated with HIV infection in several isolated studies and by a meta-analysis [47] . U. urealyticum, M. hominis, and M. fermentans were also found to be associated with HIV patients by other groups [48] . However, association does not indicate a causal effect, and only a randomized controlled trial, for instance, detecting and treating a group of Mollicutes infected individuals with antibiotics while leaving another group to naturally progress during HIV disease, may clearly answer this question. One of the major questions to be answered is if any Mollicutes infection is treated, does it result in a decrease in viral load among HIV patients or stop/delay progression to AIDS? This would be an audacious approach in the current times we live in regarding ethical issues, but a brave research group with the support of a well-established HIV clinic willing to conduct such study would be very welcome and would leave its permanent mark in elucidating the role of Mollicutes/HIV coinfections in the development of AIDS.
Contrary to what occurs in coinfection with M. tuberculosis, Mollicutes increase virus replication, in vitro and probably also in vivo [14] . The higher HIV viral load in patients infected with Mollicutes is probably due to this property, as stated at least for M. penetrans and M. fermentans, to induce viral replication [6] . Regardless of the Mollicutes species presence, the coinfection seems to contribute to the replication of HIV. However, so far there is only controversial evidence for increased degradation of the immune system in patients infected with Mollicutes. In our study, Mollicutes infected patients showed no increased incidence of opportunistic disease compared with uninfected patients [46] . Therefore, these findings do not corroborate a possible hypothesis that mycoplasmas could simply be opportunistic agents during an HIV infection. In conclusion, over three and a half years of study, it was demonstrated that HIV patients coinfected with urogenital Mollicutes have a higher viral load than patients without Mollicutes. Additional studies evaluating a longer period of time could provide more precise information as to the possibility of a more rapid degradation of the immune Canadian Journal of Infectious Diseases and Medical Microbiology 5 system in these individuals and its relation to Mollicutes infection.
